Background: High cord signals (HCS) on preoperative/postoperative T1, T1 gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA), and T2 magnetic resonance (MR) studies, postoperative failure of HCS to regress and/or cord re-expansion, and a triangular cord configuration are poor prognostic factors for surgical patients with cervical spondylotic myelopathy (CSM). Methods: Here, we reviewed the negative prognostic import of high Grades/ Types and more extensive locations of preoperative/postoperative HCS on T1, T1 Gd-DTPA, and T2 MR studies in surgical patients with CSM.
INTRODUCTION
Here, we reviewed the prognostic import of preoperative/postoperative high cord signals (HCS) on magnetic resonance images [MR: T1, T1 gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA), and T1] for patients with cervical spondylotic myelopathy. Outcomes were correlated with patients undergoing anteiror cervical diskectomy/fusion (ACDF), anterior corpectomy/fusion (ACF), laminectomy with/ without posterior fusion (LAM), and laminoplasty (LOP) [ Tables 1-3 ; Figures 1-6 ]. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Several Types/Grades helped assess the severity/prognostic import of low cord signals (LCS) and high cord signals (HCS) on preoperative/ postoperative MR studies; Type/Grade 0: no/absent low cord signal (LCS), Type/Grade 1: faint/fuzzy/mild/obscure LCS; Grade 2: middle/intense/sharp HCS; and Type/ Grade 3: mixed/HCS. [1, 5, 8, 14] Additionally, the location/ extent of HCS on T2 sagittal MR studies also impacted outcome and were defined as: focal (single level), Key Words: Cervical surgery, cord configuration, hyperintense/high cord signal (HCS), ossification of the posterior longitudinal ligament, magnetic resonance, prognostic indicators, spondylotic myelopathy [7] 2009 LOP for 101 CSM Postop dorsal cord MR/ US migration US cutoff 3 degrees MR cutoff 20 degrees Beak angle C5/6 US better predicts outcomes LOP Yagi [13] multifocal (with skip areas), and/or multisegmental (MS: >1 level; continuous). [1, 8] Better outcomes for CSM patients correlated with Type/Grade 0/Type Grade 1 findings on preoperative/postoperative MR studies. [5, 9] Significant trends toward improvement also correlated with >50% regression of HCS on postoperative T2 MR, particularly when patients were followed for >18 postoperative months. [8] In summary, worse/poor prognostic indicators for postoperative outcomes in CSM patients, therefore, included; HCS (Types/Grade 2 and 3) on preoperative/postoperative MR studies, failure of HCS to regress (especially if multisegmetal), cord re-expansion at sites of HCS, and triangular cord configuration (indicative of underlying cord atrophy) [ Tables 1-3] . [1, 3, 4, 6, 11, 13, 14] Types/g rades of HCS on preoperative/ postoperative MR studies Table 3 ]. [5] Notably, the higher the Types/Grades documenting HCS on preoperative/ postoperative MR studies, the greater the likelihood of poorer outcomes. [1, 5, 8, 14] Location/extent of HCS and dorsal cord migration on preoperative/postoperative MR studies in CSM patients
Several series also correlated the location/extent of HCS on T2-weighted (T2W) sagittal MR studies with prognoses for CSM surgery [Tables 1 and 2; Figure 2 ]. [1, 7, 8] The best results were seen with focal (single level) or multifocal (with skip areas) HCS on T2 MR, while the worst outcomes occurred if HCS were multisegmental (MS: >1 level; continuous). [7] Prognostic import of axial MR cord shape on outcomes for CSM surgery Axial MR images documenting different cord configurations (e.g. boomerang, teardrop, or triangular) reflected differing degrees/severity of cord atrophy that also impacted outcomes of CSM surgery [ Tables 1 and 3 ]. [6, 15] [6] The best outcomes correlated with the teardrop configuration, intermediate outcomes with the boomerang shape, and the worse outcomes with the triangular cord configuration. [6] Additional poor prognostic factors included: LCS on T1/ HCS on T2 preoperative MR studies, and postoperative cord re-expansion at the sites of prior HCS (e.g. reflecting cord atrophy). When Zhang et al. (2016) evaluated poor prognostic risk factors for 88 patients with CSM undergoing cervical surgery, poorer outcomes correlated with MR evidence of more anterior horn compression with/without ventral root compression, distal cord atrophy, and longer symptom duration (e.g. >6 months). [15] Better outcomes with Types/Grades 0-1 and worse outcomes with Types/Grades 2-3 HCS on T1/T2 preoperative/postoperative MR studies On preoperative/postoperative T1/T2 MR studies, Types/Grades 0-1 (no/LCS) correlated with better neurological outcomes, while Types/Grades 2-3 (severe/HCS) correlated with poorer outcomes [Tables 1-3; Figures 3-6] . [5, 8, 9, 12] Suri et al. (2003) assessed how HCS on preoperative/postoperative T1/T2 MR studies impacted outcomes for 146 CSM patients undergoing ACDF, ACF, LAM, or LOP. [9] Preoperative HCS were seen in 121 of 146 patients (82.9%); 81 had Table 1 ]. [13] Also in 2010, Avadhani et al. found poorer postoperative Nurick grades in 35 CSM patients undergoing LAM, where HCS on preoperative T2 MR failed to resolve or patients developed the late onset of LCS on T1 MR (average 51.3 postoperative months). [1] Additionally, for the 73 CSM patients with HCS on preoperative MR studies, Zhang et al. (2010) correlated poorer surgical outcomes for those with the most severe persistent HCS (Grade 3) on postoperative MR studies. [14] Further, Cho et al. (2011) found that HCS on preoperative T1 Gd-DTPA MR studies constituted the worst prognostic sign for JOA outcomes in 74 CSM patients undergoing 1 to 2 level ACDF (followed on average 39.7 months). [3] In Uchida et al. (2014) study of 148 patients (102 CSM; 46 OPLL), poorer outcomes correlated with LCS on preoperative T1/HCS on T2 MR, while better outcomes were seen with HCS on preoperative T1/no HCS on postoperative T2 MR. [11] When Chen et al. (2016) evaluated 10 studies (Medline/Cochrane databases) involving 650 CSM surgical patients, better JOA outcomes correlated with Types/Grades 0-1 preoperative MR findings, while poorer outcomes were seen with postoperative HCS on T1/T2 studies (especially multisegmental). [2] For 112 patients with CSM undergoing 1 to 2 level ACDF, Kim et al. (2016) also correlated HCS on preoperative/persistent postoperative MR studies (T1, T1 Gd-DTPA, T2) with poorer outcomes. [4] Early surgery recommended for CSM based on MR findings Tauchi et al. (2015) recommended that CSM patients with preoperative MR studies already showing LCS on T1 and HCS on T2 MR studies, along with extensive/severe stenosis, cord compression, and kyphosis, should be considered for early surgery (within <4 months; whether ACDF, ACF, LOP, LAM) [ Table 2 ].
[10]
CONCLUSION
Here we reviewed multiple MR-based (MR: T1, T2, T1 enahnced studies) prognostic factors for CSM patients undergoing spinal surgery [ Tables 1-3] . [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The best/ better outcomes correlated with Grade 0/Grade 1 MR changes on preoperative/postoperative MR studies, or trends toward improvement where postoperative T2 HCS regressed. [5, 8, 9] Poorer/worse prognoses correlated with HCS seen on all preoperative/postoperative MR scans, their failure to regress, documentation of cord re-expansion at sites of prior HCS, and residual triangular cord configurations. [1, 3, 4, 6, 11, 13, 14] Financial support and sponsorship Nil.
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